INTRODUCTION
Hypereosinophilic syndrome (HES) is defined as an absolute eosinophil count > 1.5 Â 10 9 /L on two separate examinations separated by at least 1 month and/or pathologic tissue confirmation with evidence of end organ damage in the absence of any known cause of hypereosinophilia. HES is a rare condition with unknown prevalence and is subclassified into primary, secondary, or idiopathic. Primary HES occurs in the setting of stem cell, myeloid, or eosinophilic neoplasm. Secondary HES is a reactive process due to parasitic infections, certain solid tumors, and T-cell lymphoma. Patients are usually diagnosed between 20 and 50 years of age, but HES can also be seen in children. [1] [2] [3] In all classes, eosinophils infiltrate and damage common target organs that can include the pulmonary system (Loeffler's syndrome) and/or the cardiovascular system, resulting in eosinophilic myocarditis (EM). 4 
CASE PRESENTATION
A 15-year-old African American male patient with a medical history significant for asthma as a toddler originally presented to his pediatrician's office because of intermittent palpitations and fatigue. Four days prior, he endorsed palpitations that woke him from sleep and resolved spontaneously within 20 min. The following day he attended football practice, at which he had several presyncopal episodes but no overt syncope. He continued to have intermittent palpitations over the next few days. He otherwise denied fever, weight loss, recent travel, drug exposures, and any known food or drug allergies. He denied any aggravating or alleviating factors. He was diagnosed with a probable viral syndrome and sent home. He continued to have palpitations and fatigue the following day and thus presented to the emergency department. Physical examination was pertinent for tachycardia with a heart rate of 117 beats/min, fever of 38.1 C (311.2 K), and no skin rashes. Laboratory results revealed a white blood cell count of 6.4 Â 10 9 /L with 64% eosinophils. Cardiac markers revealed a troponin level of 5.11 mg/L. Electrocardiography showed ST-segment changes concerning for myopericarditis. Subsequent workup with peripheral blood smear and bone marrow biopsy resulted in the diagnosis of B-cell acute lymphoblastic leukemia with marked eosinophilia. Transthoracic echocardiography revealed preserved left ventricular function, a small pericardial effusion, and an apical mass (Figure 1 , Videos 1 and 2). Cardiac magnetic resonance imaging (CMR) revealed a large 2.7-cm apical mass in the setting of normal wall motion and overall preserved left ventricular function (Figure 2A and B, Videos 3 and 4). Tissue characterization of the mass with T 2 -weighted turbo spin echo, short tau inversion recovery, first-pass perfusion, and inversion recovery late gadolinium-contrast sequences were performed. Precontrast T 2 -weighted turbo spin echo sequences revealed hyperintense signal in the left ventricular myocardium in the apical and inferior wall regions suggestive of myocardial inflammation ( Figure 2C ). Resting first-pass perfusion images did not reveal any gadolinium uptake in the mass, suggesting absence of vascularity ( Figure 2D ). Post-gadolinium contrast inversion recovery sequences with high inversion time set at 600 msec revealed homogeneous black appearance of the apical mass consistent with thrombus ( Figure 2E ). Post-gadolinium late enhancement images set to null the myocardium revealed abnormal enhancement of the apical myocardium, suggestive of adjacent myocardial inflammation ( Figure 2F ). Diagnosis of eosinophilic heart disease (thrombotic stage) in the setting of acute lymphoblastic leukemia was made, and the patient was started on chemotherapy, glucocorticoids, and anticoagulation. Repeat CMR 3 months later showed reduced thrombus size of 0.2 Â 0.7 cm, normal ejection fraction, and no evidence of myocardial fibrosis (Figure 3 , Videos 5 and 6).
DISCUSSION
EM is present in 60% of patients with HES and remains a major cause of morbidity and mortality, but cardiac symptoms at onset of presentation represent only 5% of patients. Women are less frequently affected than men and in turn have better outcomes. 5 The spectrum of presentation ranges from chest pain, dyspnea, and palpitations to cardiogenic shock, with the most common presentation being dyspnea and palpitations occurring in only 8% of patients. 6, 7 Elevated troponin concentrations are evidence of eosinophil-mediated cardiac cell damage that involves three stages: an acute necrotic stage, an intermediate stage involving damaged endocardium and thrombus formation, and finally a fibrotic stage with altered cardiac function. The acute necrotic stage is typically of short duration, about 5 to 6 weeks, while the thrombotic and fibrotic stages are usually 10 and 24 months, respectively. The acute necrotic stage entails eosinophilic myocardial infiltration with subsequent necrosis due to degranulating eosinophilic release of toxic cationic proteins. 7 Infiltration can range from a mild localized focus to a multifocal or widespread area that can be perivascular or interstitial and involve the epicardium and endocardium. 6 It is difficult to diagnose the disease at this stage, as patients often do not have cardiac symptoms, and electrocardiography and echocardiography are unrevealing. This stage is followed by the thrombotic stage that often involves both ventricles because of vascular endocardial damage. Blood flow is relatively static at the endomyocardial surface, particularly at the apices, and this promotes accumulation of clotting factors with subsequent clot formation. 7 Blood hypercoagulability also contributes to thrombus formation through release of von Willebrand factor, tissue factor, and factor XII activation by eosinophilic granule proteins. Echocardiography often shows obliteration of the apex by the thrombus, which is later replaced by fibrosis of the apex. 8 Patients may not be diagnosed until the fibrotic stage, when they present with cardiac symptoms due to restrictive or dilated cardiomyopathy and/or chordae tendineae entrapment causing mitral or tricuspid regurgitation. 9 Classic findings include biventricular apical thrombi in the setting of normal wall motion, posterior mitral leaflet involvement, and endomyocardial thickening, which is often seen in the left ventricular free wall. 9 There can also be signs of restrictive cardiomyopathy with valvular regurgitation due to subvalvular damage. 7, 9 Although echocardiography is the initial modality performed on patient presentation, findings can be normal during the acute stage. Gadolinium contrast-enhanced CMR, however, reliably detects all Resting first-pass perfusion images did not reveal any gadolinium uptake in the mass, suggesting absence of vascularity. Postgadolinium inversion recovery sequences performed with high inversion times (600 ms) in (E) four-chamber view and (F) two-chamber view revealed lack of delayed enhancement and homogeneously black appearance consistent with thrombus and adjacent apical myocardial inflammation. stages, including early myocardial eosinophilic inflammation, thrombus formation, and fibrosis. CMR is more sensitive and specific than either transthoracic or transesophageal echocardiography for detection of ventricular thrombi.
5,7 T 2 -weighted sequences detect myocardial inflammation during the acute phase noted by myocardial hyperintensity, while postgadolinium inversion recovery delayed enhancement sequences can detect thrombotic and fibrotic stages. 10 Cine CMR can detect the functional impact of the thrombus and eosinophilic infiltrate, while late enhancement detects myocardial fibrosis and inflammation. 11 A study by Tani et al.
10
found the extent of the lesion identified on CMR to be inversely proportional to the left ventricular ejection fraction, with another study by Miszalski-Jamka et al. 5 finding the maximum measured blood eosinophil count to correlate with the extent of myocardial damage seen on endomyocardial biopsy (EMB). Although EMB is the gold standard and may provide definitive diagnosis, this is typically reserved for those patients in whom there is uncertainty of eosinophilic-induced cardiac disease. EMB has an estimated sensitivity of only 50% and can miss the diagnosis if the area biopsied is not involved. EMB is an invasive procedure and carries risk for iatrogenic complications such as thromboembolism. 6, 11 CMR, however, can reliably detect all stages of the disease process and all areas of myocardium involved, with serial CMR allowing disease monitoring and response to treatment, as was the case in our patient. 12 Treatment involves glucocorticoids to reduce tissue and peripheral eosinophil levels to <600/mL and subsequent end organ damage. In steroid-resistant cases, imatinib has been shown to be effective. 8, 11 For patients who develop congestive heart failure or thrombus, standard heart failure medical therapy is used, as well as anticoagulation for thrombus formation. Up to 25% of patients develop thromboembolic complications, with 5% to 10% resultant mortality. 7 Valve replacement or cardiac transplantation is reserved for those with severe valve or myocardial involvement, with bioprosthetic valve replacement being preferred over mechanical because of thrombotic complications. 9 
CONCLUSIONS
Cardiac involvement in HES remains a major cause of morbidity and mortality. Initial patient presentation can be variable, and delayed presentation is common, as patients do not have symptoms until significant disease progression. Echocardiography is the preferred initial modality but can be unrevealing during the acute phase of the disease. EMB is the gold standard for definitive diagnosis, but it is an invasive procedure with potential complications and could still miss the diagnosis if the focal myocardial area is not biopsied. CMR reliably detects all stages of the disease and thus may be the most practical if not best modality for initial diagnosis and follow-up for progression to fibrotic stage or resolution after treatment. 
